cell loss (20) . The brain's inflammatory response to trauma is multifactorial and consists of the activation of central nervous system immune cells, cerebral infiltration of peripheral immune cells, and upregulation of inflammatory cytokines, chemokines, and reactive oxygen species (14).
█ INTRODUCTION
T raumatic brain injury (TBI) is a leading cause of death and lifelong disability worldwide (4, 6) . TBI has two distinct phases: acute, primary injury and delayed, secondary injury. Primary injury occurs at the trauma instant and comprises brain damage and diffuse axonal injury. Secondary injury occurs hours to days or months after the initial trauma and includes mitochondrial dysfunction, lipid peroxidation, ionic imbalance, excessive release of neurotransmitters, and membrane degradation, all of which contribute to neuronal have been reported (1) . However, to the best of our knowledge, no study has considered the neuroprotective effects of OC against TBI. We evaluated the neuroprotective effects of OC in a rat model of TBI using histopathological and biochemical methods.
█ mATERIAl and mEThODS

Experimental Protocol
In the present study, 26 adult, male, Wistar albino rats (200 ± 50 g) were used. The rats were kept under a temperature of 22°C, humidity of 65%, and light-dark cycles of 12:12 h, and they had ad libitum access to laboratory standard food and water. This study was approved by The Animal Experiments Local Ethics Committee of Manisa Celal Bayar University (06/12/2016/77.637.435-75), Turkey.
The rats were grouped as follows:
Group 1, sham (n=5), skin incision only: a skin incision was made, and non-traumatic brain samples were collected 72 hours after surgery.
Group 2, trauma (n=5): TBI was induced as described below, and rats were treated with 10 mg/kg saline intraperitoneally (IP) twice a day. After craniectomy, brain samples were collected 72 hours after injury.
Groups 3 and 4: TBI was induced, rats were treated with 10 (Group 3, n=8) or 30 (Group 4, n=8) mg/kg OC IP twice a day, and brain samples were collected 72 hours after injury.
The rats in the treated groups (Groups 2, 3 and 4) received the first dose immediately after trauma and other doses were given at 12-hour intervals for 72 hours. For all treated groups vehicle or OC were given with a total of 6 doses.
Anesthesia and Trauma Procedure
Before the surgical procedure, the rats received an IP injection of 10 mg/kg xylazine (Bayer Birleşik Alman Ilaç Fabrikaları, Istanbul, Turkey) and 75 mg/kg ketamine hydrochloride (Parke Davis, Istanbul, Turkey). TBI was induced using the falling weight technique described by Marmarou et al. and modified by Ucar et al. (25) . Briefly, each anesthetized rat's scalp was shaved, a midline incision was made, and the periosteum was retracted. A 2-mm thick metallic disc was used as the helmet. The steel disc was fixed to the skull's central portion using bone wax. The rats were placed in the prone position on a foam bed. An inflexible rope was tied to the weight to prevent repeated impacts. A 350-g steel weight was dropped through a 1-m vertical section of the plexiglass tube. After 3 days, the rats were sacrificed. Brain tissues were immediately extracted without damaging the tissues, and intracardiac blood samples were collected. Neural tissues were fixed in a 10% formalin solution for 24-48 hours (9) , tissues were embedded in paraffin blocks. Five-micrometer-thick sections were cut using a microtome, and they were stained with histochemical, immunohistochemical, and terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) assays. Cardiac blood samples were collected for biochemical evaluations.
Biochemical Evaluations
Before sacrificing the animals, cardiac blood samples were centrifuged for 5 minutes at 4,500 r/min at 4°C to separate the serum and plasma. Serum Total Antioxidant Status (TAS) and Total Oxidant Status (TOS) levels were determined using an automated analyzer (ChroMate Manager 4300, Palm City, FL, USA). The values are expressed in terms of micromolar hydrogen peroxide equivalent per liter (μmol H 2 O 2 Eq/L) (7, 8) . The Oxidative Stress Index (OSI) is an indicator of the degree of oxidative stress. The ratio of TOS to TAS represents the OSI. The OSI is calculated according to the formula (12) Table I and Figure 5 show the OSIs of the four groups.
histochemistry
Sections were incubated at 60°C overnight and deparaffinized in xylene for 30 minutes. Then, they were passed through an alcohol series, decreasing from 95% to 60% for rehydration, and washed under running water for 5 minutes. The sections were stained with hematoxylin (01562E; Surgipath, Bretton, Peter Borough, Cambridgeshire) for 2 minutes and then washed under water for 5 minutes to remove the excess dye from the tissue. The sections were stained with eosin (01602E; Surgipath, Bretton) for 30 seconds. After washing under running water for 5 minutes, air-dried sections were passed through 80% and 95% alcohol series and dewaxed in xylene for 30 minutes. The sections were mounted with entellan (UN 1866; Merck, Darmstadt, Germany). Differences among the groups were evaluated by a blinded observer using an Olympus BX40 light microscope ( Figure 1 ).
Cresyl Violet Stain
Cresyl Violet staining is used to identify neuronal loss. Sections were incubated at 60°C overnight and deparaffinized in xylene for 1 hour. Then the sections were passed through decreasing alcohol series of 95% to 60% for the rehydration process and washed with distilled water. Then, the samples were stained with Cresyl Violet for 20 minutes. After washing under water for 5 minutes, sections were passed through 80% and 95% alcohol series quickly, and taken placed in xylene for 1 hour. The samples were mounted with entellan (UN 1866, Merck, Darmstadt, Germany). Differences between the groups were evaluated by a blinded observer under an Olympus BX40 light microscope ( Figure 1A -H).
Immunohistochemistry
The sections were incubated at 60°C overnight and then in xylene for 30 minutes for immunohistochemical staining. After washing with distilled water for 5 minutes, the sections were rehydrated with an alcohol series at a rate decreasing from 95% to 60%. They were then washed in phosphate buffered saline (PBS) for 5 minutes and were treated with 0.5% trypsin solution (800.729.8350, ScyTek Laboratories, Inc., Logan, UT, USA) for 15 minutes at 37°C and then with 3% H 2 O 2 for 5 minutes to inhibit tissue endogenous peroxidase. Following washing in a blocking solution (TA-125-UB; Lab Vision, Fremont, CA, USA) for 1 hour, the sections were incubated for 18 hours at 4°C with the primary antibodies antiendothelial nitric oxide synthase (anti-eNOS; sc-654; Santa Cruz Biotechnology, Dallas, TX, USA), anti-inducible nitric oxide synthase (iNOS)(GTX15322, GeneTex, Inc., Irvine, CA, USA), anti-vascular endothelial growth factor (VEGF)(ab1316; Abcam, Cambridge, United Kingdom), and anti-S100 (sc-58839, Santa Cruz Biotechnology). After incubation with the primary antibodies, the sections were washed three times for 5 minutes with PBS and were then stained with anti-mouse biotin-streptavidin hydrogen peroxidase secondary antibody (85-9043 Zymed Histostain kit; Zymed, San Francisco, CA, USA) for 30 minutes. The sections were washed three times in PBS for 5 minutes and were then stained with diaminobenzidine (DAB; ScyTek) for 5 minutes to determine the appearance of the immunohistochemical reaction. Counterstaining was performed using Mayer's hematoxylin (72804E; Microm, Walldorf, Germany), and the samples were cleaned in xylene. The sections were mounted using entellan. For negative control staining, the samples were processed in an identical manner, but incubation with the primary antibody was not done. The results of immunohistochemical staining were evaluated by a blinded observer under an Olympus BX40 (Tokyo, Japan) light microscope.
TUNEl Assay
Apoptotic cells were detected via the TUNEL assay. Nuclear deoxyribonucleic acid (DNA) fragmentation is an important morphological characteristic of apoptosis and can be detected in cells by TUNEL. An ApopTag Plus Peroxidase in situ apoptosis detection kit (S7101; Millipore, Billerica, MA, USA) was used according to the manufacturer's instructions. Briefly, after 20 µg/mL proteinase K treatment for 10 minutes at 37°C in a humidity chamber, the sections were treated with an equilibration buffer and were then incubated at 37°C with terminal deoxynucleotidyl transferase (TdT) for 1 hour. Following incubation with TdT, a stop wash buffer was applied to the sections for 10 minutes and the sections were washed in phosphate-buffered saline (PBS). Then, the sections were treated with an anti-digoxigenin peroxidase conjugate for 30 minutes and washed in PBS. After staining with 3, 3'-diaminobenzidine (DAB), counterstaining with Mayer's hematoxylin was performed. After mounting with entellan, TUNEL-positive cells were counted by a blinded observer under an Olympus BX40 light microscope. For iNOS, which is an inflammatory product similar to eNOS, significant differences were observed between trauma group (131±18) and the OC-treated groups (p<0.001) and also between the trauma group and the group treated with 30 mg OC (115±12)(p<0.01), but not between the trauma group and the group treated with 10 mg OC (119±17)(p>0.05). The iNOS and eNOS staining intensity was reduced with OC treatment in a dose-dependent manner (Figure 3) .
For VEGF, which demonstrated angiogenesis and endothelial cell proliferation, there were statistically significant differences between the sham group (125±5) and the trauma group (86±9) (p<0.001), between the trauma group and the group treated with 10 mg OC (100±8)(p<0.05), and between the trauma group and the group treated with 30 mg OC (107±17)(p<0.01). The VEGF staining intensity was the highest in the sham group and lowest in the trauma group. OC treatment increased the VEGF staining intensity in a dose-dependent manner ( Figure  3) .
For S100, which demonstrated gliosis, the comparison of OC-treated groups was not statistically significant (p>0.05). However, the comparison of all other groups were statistically significant (p<0.001) for the sham (83±8) and trauma group (159±11), the sham group and group treated with 10 mg OC (126±12), and the trauma group vs. the group treated with 30 mg OC (113±16): p<0.01 for the sham group vs. the group treated with 30 mg OC and the trauma group vs. the group treated with 10 mg OC. The S100 staining intensity was the highest in the trauma group. The staining intensity decreased with OC treatment in a dose-dependent manner ( Figure 3 ).
Finally, TUNEL was used to evaluate apoptosis for explaining the relationship between oxidative stress and programmed cell death. Significant differences were seen between the sham group and the other groups (p<0.001); for the sham group (16%±4.1) vs. the trauma group (43%±5), the sham group vs. the group treated with 10 mg OC (36%±2.5), and the sham group vs. the group treated with 30 mg OC (26%±4); p<0.01 for the trauma group vs. the group treated with 30 mg OC ( Figure 4 ). The TUNEL staining intensity was the highest in the trauma group and decreased with OC treatment in a dose-dependent manner. These results might show that OC treatment has a preventive effect against cell death.
Biochemical Findings
The average OSIs of blood samples were compared among all groups. In the treated groups, the OSI was the highest in the trauma group (671±200) and was the lowest in the group treated with 30 mg OC (330±193). However, the difference was not statistically significant (p>0.05). In the OC-treated groups, the average OSI decreased as the dose of OC increased, but the difference was not statistically significant (10 mg OC: 455±173)(p>0.05). The high OSI in the sham group (450±190) (higher than that in the group treated with 30 mg OC), in which only a skin incision was made, was thought to be a biological response to surgical skin incision. Table I and Figure 5 show the OSI values in rat's blood for each group.
Statistical Analysis
During the evaluation of the results, the immunostainings were identified with H-scoring and determined as the ratio of positive-labeled cells to all cells in the chosen fields. Immunopositive cells were counted by a blinded observer as follows: 0, no staining; 1, weak staining; 2, moderate staining; 3, strong staining in a fixed field. The respective score was then calculated using the following formula:
H-Score = (% stained cells at 0) x 0 + (%stained cells at 1+) x 1 + (%stained cells at 2+) x 2 + (%stained cells at 3+) x3.
The H-score value varies from 0 to 300 (17) .
For TUNEL staining, each section was counted for 100 TUNELpositive cells from randomly chosen fields. The apoptotic index was determined as the ratio of positive-labeled cells to all cells in the chosen fields. The percentage of apoptotic cells was calculated by a blinded observer as follows: 0, no apoptosis; 1, 1%-10% apoptosis; 2, 11%-25% apoptosis; 3, 26%-50% apoptosis; 4, 51%-75% apoptosis; and 5, >75% apoptosis (15, 16) .
Biochemical and histological results were calculated on GraphPad (GraphPad Software, San Diego, CA, USA) using one-way analysis of variance and are presented as mean ± standard deviation. Statistical significance was defined as p≤0.05.
█ RESUlTS histopathological Findings
In the sham group, glial cells were diffusely localized in the brain cortex. The shape of the nucleus varied from round to rectangular. There were fewer oligodendrocytes than glial cells, and the tissue was perforated with various capillaries ( Figure 1A ). In the treated groups (Groups 2, 3 and 4), various degenerative changes were observed. Deterioration in cell shape such as dense nuclei and cytoplasm, enlargement of capillaries, increase in the number of myelinated axons, and vacuoles of different sizes were observed. These changes were seen in all treated groups, but less prominently in the OC treated groups ( Figures 1B, C, D) .
To better understand the mechanisms underlying this apparent neuroprotective effect, the cells were stained with eNOS, iNOS, VEGF, and S100 to determine oxidative stress, vascularization and gliosis (Figure 2 ). iNOS and eNOS are inflammatory products that are implicated in TBI.
For eNOS, which is an inflammatory product that is implicated in traumatic brain injury, statistically significant differences were seen between the sham group (86±8.5) and the trauma group (155±6.3)(p<0.001) and between the sham group and the groups treated with 10 mg OC (p<0.001) and 30 mg OC (p<0.001). In addition, there were significant differences between the trauma group and the groups treated with 10 mg OC (124±8.6)(p<0.001) and 30 mg OC (118±9) (p<0.001). However, differences between the OC-treated groups were not significant (p>0.05).
pro-inflammatory cytokines, such as tumor necrosis factor, interleukin (IL)-6, and IL-1b, into the perilesional region. These pro-inflammatory cytokines mobilize immune and glial cells to the injury site, causing edema and further inflammation. This phase is associated with gliosis, demyelination, and continued apoptosis (6) . To date, many agents have been used to prevent secondary injury after TBI. Although several investigations have shown the effectiveness of some agents in preclinical studies, to our knowledge, their effectiveness in
█ DISCUSSION
In TBI, a robust inflammatory response is elicited. The posttraumatic period involves a cellular component and comprises the activation of resident glial cells, microglia, and astrocytes and the infiltration of blood leukocytes (26) . These effects have an immediate impact on the brain by inducing necrotic cell loss as well as inducing apoptosis of the surrounding cells. Within minutes of these changes, a local inflammatory response occurs wherein astrocytes and microglia secrete Figure 2 : Immunocytochemical staining of anti-eNOS, anti-iNOS, anti-VEGF, S100 are seen. TUNEL stainings for each group is seen at the bottom of the figure. The NOS immunopositivity was increased in neurons after TIB. Apoptotic cells with pyknotic nuclei and apoptotic bodies were detected. TUNEL, NOS and S100 staining of TBI were increased compared those of sham and they were decreased with OC treatment compared to those of trauma. VEGF staining were decreased after TBI and increased after OC treatment (scale bars 20 μm). The high OSI in the sham group (higher than in the group treated with 30 mg OC), in which only a skin incision was made, was thought to be a biological response to the surgical skin incision.
Figure 3:
Effect of OC on immunohistochemical markers and apoptosis for inflammation after traumatic brain injury. eNOS, iNOS, and S100 levels decreased with OC treatment in a dosedependent manner. VEGF levels increased with OC treatment in a dose-dependent manner.
Figure 4:
Effect of OC on apoptosis after TBI. The amount of apoptosis that is noticed in the trauma group shows a decrease in the OC-treated groups in a dose-dependent manner.
following manner: OC treatment accelerates the recovery of brain damage by stimulating the formation of new vessels.
█ CONClUSION
Our results indicated that OC has a protective effect on neural cells after TBI. This effect is achieved by reducing oxidative stress and apoptosis. OC reduced the plasma oxidative stress status in a dose-dependent manner. To our knowledge, ours is the first study to evaluate the neuroprotective effects of OC in a rat model of TBI. However, further experimental and clinical studies will be needed to understand its effects on neurons after TBI.
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█ REFERENCES clinical trials has not been observed. Still, no pharmacological treatment has been found to confer neuroprotection by targeting secondary injury mechanisms (20) . In this study, we used OC in rats to evaluate whether it has neuroprotective effects after TBI or not.
OC is one of the phenolic compounds (approximately 10%) in VOO, which has recently emerged as a potential therapeutic molecule for different conditions, including inflammation, cancers, and neurodegenerative diseases (22) . VOO is found in the Mediterranean diet and daily mediterranean diet which typically includes an intake of 25-50 mL VOO (5). OC was first identified by Andrewes et al. in 2003 (2) . It shares the same mechanistic anti-inflammatory action with ibuprofen. Therefore, it is currently acknowledged as a naturally occurring NSAID (2, 19) . Beauchamp et al.(3) and others (18, 22) have reported that OC inhibits cyclooxygenases 1 and 2 in a dose-dependent manner and that it is more effective than ibuprofen in inhibiting these enzymes at equimolar concentrations. In addition, Scotece et al. (21) demonstrated that OC inhibits other pro-inflammatory factors such as macrophage inflammatory protein-1a and IL-6 in J774 macrophages and ATDC5 chondrocytes. Furthermore, OC attenuates inflammatory mediators, such as iNOS, which play a role in the pathogenesis of degenerative joint disease (11) . Secondary inflammation involves oxidative stress, and the upregulation of the inflammatory enzyme iNOS leads to the formation of free radicals, such as reactive oxygen species (10), which can be activated by apoptosis. In the present study, we showed that the production of eNOS and iNOS were significantly decreased with OC treatment in a dosedependent manner. Further, the TUNEL staining (TUNEL staining was initially described as a method for staining cells that have undergone programmed cell death, or apoptosis) intensity was the highest in the trauma group and significantly decreased with OC treatment in a dose-dependent manner. These results could be interpreted in the following manner: OC inhibits the formation of reactive oxygen species by reducing oxidative stress and preventing cell death.
In many studies, S100 and VEGF are preferred markers to determine trauma severity (13, 23, 24) . S100 has been considered a glial marker protein and it has also been detected in other cell types such as ependymal cells and the choroid plexus epithelium. S100 marker has been investigated immunohistochemically in autopsy cases with regard to the cause of death, the severity of TBI and the survival times (13) . VEGF is a trophic factor expressed in the central nervous system after injury, and VEGF expression inhibition after injury may actually exacerbate outcomes (23, 24) . Therefore, we used S100 and VEGF markers in addition to eNOS, iNOS, and TUNEL staining to determine OC's protective effect against TBI. The production of S100 was highest in the trauma group and significantly decreased with OC treatment in a dose-dependent manner. This indicates that OC treatment reduced gliosis and had a neuroprotective effect after TBI. In addition, the VEGF staining intensity was the lowest in the trauma group and significantly increased with OC treatment in a dose-dependent manner. This could be interpreted in the
